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access agents by allocating 1 st parts of memory banks to a 1 st memory 
map of a 1 st process agent and 2nd parts to a 2nd memory map of a 
2nd process agent. 
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ffl#m 1 1 (A) <£#T«T KH^HB£*i« 
T Y^zT^^M-t^mfn^^)—^^^ t, 

(b) m&t vu^/i^^m&ximmmfo^v 

<r>% i Wft&M l tom^—is*. yh^SU^ 

y — v -yzf^tm "9 ax. assr k ^y/i^A^hmw 
•vmsagsk/n* * y —sofam 2«r»«b 2*0^- 
i?* > ko« 2 ^ * y y 9 ax sww*^ 

[t»*ii2] 8wasabo^*y— wbslx 10 

v *3 r £ Z¥mt-tzm*m l iai£©y * y — 

a, 

[ft*i!3] (C) mito3&z-—*Sx.yYh%2im 
31— V h CDF*3CD 1 ofrhT ^-fex £ tu-S fefeSftlB^ 

\zjm.\jz.^ v^%mzM-tz> ^ t zmmt-tzm* 
m 1 $dM<D/ ^ y - v-^t- a, 
[ft*j4] tfFfE$ijffli^-^-^ (b) rnmm 

lff*il5] MBlSS6:cDy^-y-/<v^f^ Mx<7>B# 
^(C fcV vC t|f| 1 *Q®3i— >YtW,2 turn*-—?*. 

> h (Dfi<r>-j5<Dwm v) mx 5 c t z^em t -rs w* 

X 

a^— -^v-h^i^v^r Ku^ai^s^coy^y— 
*s9 <Dm&<D lot em<5it bftZ X 0 * V 
— '<W-^t% l£!@3i— v^v MdT^-fe^^-tir-S^. 
^ry^t (B) M2*QSffi^— v'aiXh^V^ KU^iiS 40 

a»safoz>^ * y ^ <75hWe^^<7> 1 okbmw 

mmw>* * y -^v^tfi 2 s?* >m; 
T?±*£tt*'rv7'tzftTz>^tz¥mti-tt 

[awes 9 ] iSKtBSroftsgx-^* x h rom 
coiote, g|i#ymx.— v^ivhco^^-y— v-y^cifc 

ii8iste6o*m, 50 
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[ts*is 1 0 ] imm&wm*-- 3>* >- h comrisa 

$)<r> 1 ott, Sg2#yg3i— v^vhco^y — <? y 

[ 1 2 ] S?£)gS!t<^ y -y < (4, 
* y -T*fc 5 r t -T 51 t*ri 9 l^!cO*& 

[f»*ri 1 3 ] ai^Sc^y * y < 

m#m 1 4 1 mtmm.<D* ^v-;^? <^et^m 

«fc o-C[^B#[cr ir^-rs r i ^-Cf^v ^ i 
[IS*ri 15] 2 (Dai- v 1 ^ v h \zJm.<n#?g* =t y 

(a) ^oitfi-^^-y- ;<>-?%mmxmix--iS^ 

(b) %t$dm<Dmi* *rv—s<^? zmnxm 2 

[89*111 6] a^a^cco^^^ey-^^^ m 

' [f##rf 17] 2 ©a— v 5 ^ v h (c^i5cco*W> y 
— ^^ft»J9 SX5*&XfcoT, 

(A) 20^a^-i>i>'h^tU€ f ntC>PfLTiffllKT^ 
^y Sr#J 9 STS^t 1 yT-Sr^rrS 

[38*® 1 8 ] ^tfjfcygx-^az v h roW-C^rt- 
X. 

(a) m 1 vm^—v~ >- h<om *r k 

(b) m2timx.— 'j^>Y<D^^Tv^t^^mL 
(D**rv (Dm?M8k<n lot ffiM-^n hin, m 
2 j&m^-i?* y v (r>m^ ^7 k ^tmwssm/- * y 

[it*® 1 9 ] mmk<wm^- { s~ y hcotfnea 

D©10li ^l^Q^— ^iVhCO^^E-y— y TlC 

b'uxot mm-Stf 5>tt5 r £#S&,b 
*IIl 8|E®<^R 
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• [fi*s 2 o ] attBt»«>«sffi^- s** >- b<oifn5* 

*Si 81^ro^a 

*S2 otafta&K, 

[ts*i 2 2 ] saw -ey-^v? a, mm* * y - 

T'fcS r t 1 8fSSc^Bo 10 

[ffl*I 2 3] 2 sfc* v h (c^co^wy y 

(a) i®0)#*r* * y -v zgrnx-m l ^-v^ 
>- h co^ * y — v y tm <o m x z^mt , 

(b) mzmknmit^v-^t&mc^-z^- 

[89*82 4] afitaabD**r^*y— ^^tt. m 

rl2 31^00^©, 20 

[if*! 25] 2 ©x.— s** v k icimnmi* *r y 
»ro#*r * * y — *»j o a -c s mkzm-z z. t 

as, 

[19*12 7] (A) ^lgygai— v^^hi;, 

(B) Sg2#yg^— v?iV 30 

(C) Jgl#yi3L— ^y(> *3«t U«^2#Bg3>- v^X 

(D) ftfST Ku^y/u«)^#liRT«ISmo^-ey 
— /< (DW, 1 W!ri*.% 1 ^Q®=t— v 5 ^ V h CD^ \*=t 

y — v y ^iftBST KU-^T^/HBiS^PWlTffir 

Ei^a#?SlS»M * y 5 atsW^-^-zv 
[^©i^fttfcffl] 

[0 0 0 1] 40 
[000 2] 

WTAI* ^T^CD#^<75* ^^ft^n-fc ->-y— 
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[0003] mx.& i«ay*yHiaE«riififc*-sfc: 

J£V ^fflJ&D/cfelc: S DR AMS3fcWIB?g£*U DR 
AM^ S R AMfOX 0 t£$mW®i* * y — <7>T ^ ir 

LTtfc. ISKM*y — (0*J*tf» SDRAM&ftf) 
12, 77- * h(fast)DRAM(^ft-5l8^(^3S^iS 

[0 0 0 4] ^^)^SDRAM{ii©l5<DDRAMtM 
TVvSo BP*,. ^t5'>7ffc!)y7l'7-> a t5r 
^^^iri-^o L/6>U SDRAM©7-7T7f+ 
— f^Wi&DRAMj;9t>®;h/-CV^ 0 ^Jx.fi, SD 

^ y — tvsfom&rvf-y'f'i y — ^Srfflv ^ 
[0 0 0 5] SDRAM£|5]$I£-fc!:T (DRAM^R 

fco SDRAMUgglStms ft*TO#HBWItt<J^*y-^' 

^*^ibA7J255u--</uiEt(,§tbT^^^bT-S> 
5o A7Jf*v-^xA^o->i?(Cj;'9 7 3'^^ 

T\ tiMh<D^is- >t6J&< j^5 0 SDRAM7 
[0 0 0 6] SDRAM©f-' i: -f^C037lt SS^IrI 

|wiffl-f--5^.t(-J; , 9, sdr AJvdS&Sfi^ <y*—-* 

[0007] |p|^^^-y— Ji, r^-fe^LTV>53i— is 

uffisro^— 5^* v h tw&i&m* * y -f-r ^ -t ^ 
^•Sr^lRlffl^^ y — -t«aw>*«fe-ce«&Uj:rmrf 

l/-7zc—*X1<if&\ tot, PlSM^y— 2)SlO(D^ 

[0 0 0 8] /^-x HAtf«3*-§-5t5fiB*S:#f 5IBBW 
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ft i*lh(dorraant)^ci^^^^/U) ft»Xi"*i6JS 
[0 0 0 9] etW^SDRAMf^V^li 34SCb/c 

v^ft P$l:{:^M^^2o^5m^^r 

tttf y ^\z_W5<n^s? zwtA,tc 0 \fc g 

^9 y —^-6 £ i: J: <9 t &X*% 5 0 

[0010] i&mz-3d\,^x. ?*?mfa%m^-—i/^>' 

yxyfv/7r^600a % 6 0 0bf4^tt^tU *0SI 
x^xyh6 0 2, 6 0 4. IfJB^y— ^V^v-X 
rA5 0 8 a, 508b £W1-5o #43®x-v?xyb 
602, 604ft W ^a^nir^-y— , v^f^D^ 
^^^^^^o-fej/lh- (DS 

p) o^5«iffl*^D^^i^*fflv^rt3s«-e# 

So 

[0011] lot^offix-v/xyh^ SUco^iS^— 

^>-h^^S(^^^vgti-Sj:5^T^y>r-- 30 

-yaytlt 12^-^xyh^iMx-^x 

>- h <k £ t^ttS£*[^^ (co-process) ^tt^XD 

[0 0 12] HTtcteV^T^V^i^K— HS^vy^ 
y-/<y^y^rA5 0 8^2oco^@^— 5 

0 2, 5 0 4tCj;oT7^ir*£;ft,5 0 ■^/l^^V^iJ- 
(MUX) 5 10ft 5S^$iXfc*0S^— v^mV h 5 0 40 
2, 5 0 4<D7KU^ X— flUjfflK* (ADC) £ 
T—fc^— (arbiter), EP^T— fcf M< — ^ — 5 1 2 CO 
Wf»(7)TT-yy^- bm=**r l/**rV S<^>7 

[0 0 13] V^^SB^PratCioV^tv^^/^— 
=r^V^^y— ^V^v^^jUS 0 8 iC/r/c 1 OCO^— 

— M ^jh/j^EB*?. S'J^CO^— v^^hS 0 2, 50 

t£oT, jSRp^^ *-5 12) 3J5tt 50 
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(D^/iffWVs l oft ig^D^ ad cfs7§-£ sy? 
/istf— hSl^^^y— /<V^$/X^A5 0 8— irtt 
<*^5>o *Qffl3>-S** V h 5 0 2 , 5 0 4fti3t, >V 

h5^^->^ y — ^<>-y- v-;*^ a 5 0 8 — £0 

5 1 2ia3VvtRSB ) ^fJ^^TibtU 

v^^/w*— hgj^^v^ ^ y —^>^ y^fA 5 o 8 

co^— yuasrm £PSit-r 5 0 
[0014] *s\/iftv#- hm^>y>^mm^v 

— K h 7 7 0 6 

[00 1 5] BI8JC*5V^ 2O<Dj0lx-v?xyh7 

02, 7 0 4^^y— *gmr 

7 0 6 tSVCUX 7 0 8 <0*iJffll60T"C*» / ^^— h 
Sn^-yy ^ y -/<y ^ y^fi, 5 o 8 ^T^ir^LT 

V^5o TKU^fffl^S6ft ^8x-i/xyh7 02, 

m. (mft Ei8tc^ ( i:5fc7k) — t^miz.'O' 

[0016] i$oT#iJx.ft £ 1 <7}*08fciL— v^m > h 7 
0 2l£ t £5TKU*0— <0^y— T^ir^ft ^^-y 
—W^T hy V-^ ^ — 7 0 6 tCi o T 

yl^/K— hS^^V^ ^ y — /<>-^ y^r^ 5 0 8 fCjott 

x-y^y h 7 o 4f-i5T Ki/^o^ co^^ey — 
ir^ft ^^y-nr KU^ h?y^ 0 6 

(aotyy^- H^y^^y^<y^y^r 
A5 0 8tc*3{1*5^ir5/h^ST KU^ «?'Jxft 7 
K) ^t^yr^^^Wt^Mo 
[00 17] t&fc, T Hv^a»*t^^y-^r 
Atcio^Tia^tb, «ri:x-i/xyh»f«: 

[00 18] 
[00 19] 

y—>^x^ft flwsrow^^^y-^v^ 

^(TC) |ft7K^7^ (7Ky^««) SSfc 
^ 1 *QS^— >-ht^2 v?ai >- h CO 1 0/^^T 

co^ i co-y-y^, ftisr k u-y-^vi«i^^ i #ys*.- 
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/UQh^hW, 2 Wx-v/s >- h CD® 2^^ey — ^ j/ 
[0 0 2 0] *3RSW©®®C»\ ^cD&lJS^-v^ 

y ^ V <omk<D l o t B83t<5ft <bix5 J: ? tc« 

v?3i >- h CO J; 9 {gfr ^ K uxasitffrcD.* -=E-y — CD 

KS<3itibtb5«t 5»ci®kro^*y— /<v^'xo7'^-fc 
[0021] *3s^rogijioisBBBc«5 mmnmiJ 
® i at— v?^ v h co> y — v y ^cJWfctHftro**" 
co^^r^y— so-fii. m2=^—i/^i/h<D*^V — 

[0022] w\z.%\w>mmzMo t. mw#m**rv 

Y^tlX:ftAZ.ftL,TmU (opposing) X 
^cco^g-^^e y fc*d«3 mxzx'r y?t&>tt: 

[0 0 2 3] 

[wmm&mm] ®i, ®2tt, 2<m\* 

=*r y -^d •;/ ? £ 2 cOjc— v=3i > f- corat-cofij t) 

[0 0 2 4] EUM^T. 3^-y^*y->XfA3 
1 OlCiottSBT^cD^y— *l/9&T9'te*/*s?zc 

-5c mitciov^isiw^^y— 3 1 o&^uo^a*. 

*^Ji^|S]^^ft-^^y— (DRAM. SRAMCOJ; 40 

[0 0 2 5] ElKCfcl^T, 2oco^/l— 7°cOT'^-ir-> 

— v?3i Vh302~306 frStsW. 1 ^/l— 7°cO*#^ 

31VH3 1 2~3 1 6^r^tf®2i//l— 7°cO*W^^-y 
— T ^ ir v-v^oo- v?^ yh34 2 T'fcSo ^— > 

h if/^-Zf3 4 0, 3 4 2 fijB] C^cO^— v 1 ! X h £{i 
t5 «fc 0 (C LTfe5*\ ^WfiffitcOfccO^—^i V 

F t-yy/x-i;! y h 50 
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[0026] ^y— T'n^ 3 1 013, ^-r^-ya 

y310a, 310b lC|K#£iVt<^5o Z.<*8&mr? 
li2o«/<-T-f'y3y3 10a > 3 10bt*Lt^ 

i: -So ^ °— x -f > a >-co^(iai— v?i v f- ^/u— 
T'comi: 4f U ^ t i>W& U \ 
[002 7] EiJ/rcO^.— v s ^yh^/W-^'3 4 0 s 34 

2(s*w^^-y-3 i oe>m;i-z&ft£*itcMMz.T 

?-t*i-Z>o T-{'>3>3 10a. 3 10b{i, V> 

^^^$T-t.J;<t»5fi;^v J ^^-3 6 octy h£ 
^x5J;9t". od^^^ey— ^n;/^ 3 l 0£#co*:# 

[0 0 2 8] 3K8W^ft5t, ^!)-yo^3 10 

ir^tts ^ y am <o mxiigffls&mz.. * 

^!)-yn 7 ^3l0l:fclt5v^5,^^^y 
— v=3i V h 7°3 4 0, 3 4 2 COfSHx 

COfc«>, %m^— ^yh3 0 2 — 3 0 6, 3 1 2~3 
1 6*rS(#$*58^SVH4flte!cW'^^— 3 6 0lc& 

•f-5^<b(Cj;oT^->-y i 77^ (on-the-fly) "C-3- — if 

tt^ * y H^£'£;t a r £ a*-c£ 5= 
[0 0 2 9] Muy^^- 3 6 Ofix- -y"xyh30 
2. 3 0 4, 3 0 6. 3 1 2, 3 14, 3 1 6CDf5fft,|C 

ioTtstjiaii/Sdtas-c^s. ^co^sg^jicjo^ 

T, ^U-^^-3 6 OlcS^iAS^ffittSl^^- 
^^v-3^3 l 0acoS^^>ejf£;u ^"jco^^ey— s< 
>?l-3$&2s<—<r4 ->3 ST?>n5. 
[0 0 3 0] Mm* WR»!7— KftV^bU^*— ft« 
RgW^^— 3 6 0(-T^-t-5r i&W^ 
y -/n y ^ 3 1 0 3 tLhcotft5gpItg/<— y ~> 3 

[0 0 3 1] ^*y— -fyayf-z 1 OttBHfc'*- ^-<-> 

sy^/ <— x ~> 3 >-f -5 r t *WS U ^ ^S-c(i 

fcV>35S) o 0>Jx«, fcLflftSUv?^^— 3 6 0^1<O4 

if y h y-y^^- frhtsxu*. i e^-eco^-^y — ^<y^ 

^ cofpTtuoracO/ °— -r>3 >5riM0(c^-rr i t)^T'^ 

[0 0 3 2] 0tRtf> ^COHUzCOfc*, ^^y-^ 
dj/^3 1 0ICT1 4cO^*y— ^<>-^/5iifo-5i:i--5 0 
x-y x yh3 0 2 > 3 0 4, 3 0 6, 3 1 2, 3 1 
4, 3 16cOfpttXJ&^3 6 0lC{it T9j (0 1 0 1 H) 
Sr^&fetf, Z.<DZ.t fiT— tf h U— 3 1 2 IC i 
oT, ft^Dc0 9co(S^cO^^-y— ^>^:glx- v?3. 
Vh340{C#)'3STt)tU at)c05£OfB^cO^^-y — 
/ 2 jc— ^ V h ^/U— ^ 3 4 2 (CfiJ <9 t> 

^i^l-^^-y-^cis/^S 10££#-f5J:5K#? 

[0 0 3 3] ZfctC^Uv?^.^— 3 6 0cO4t*y MiT 
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- — t*h 3 1 2tC«toT7 f ='— h'ZtW 3I1MU 

X 3 0 8 \Z.Wm^MB^r^x.X% l^—i/iL>by 
/l^-7°3 4 0fc::fof-t5, gjfc&l/ * U»Jx-v?x VfJ 
iWiLfc9iWiUoi»ofc9U S52MUX3 0 8fc*f 

* UgflJ^—v^ > h £-}UR L/c <0 igR Lfc&»ofc 9 

X\ ffiJj<D*.—isx. V h 3 4 0, 342««?S 

3 10a, 3 1 0 blCT^-fe^i--5Cli:/4 s T*#5 0 10 
[0 0 3 4] *fc^*y— -/VstrT— hThU— «3t 

5„ 0iJx.fi. Jgl3>- v^VhriM^y — '<W7 1, 
2, 4, 6, 8 4*11013X13*1* l2x-v?xyfW 

^•y— i 4-9, 7, 5, zzn'o^xhfrzx. 
[0035] ig^co^i— v^iy h ->^-r^(cfci/ vr, -> 

[0036] 0iJx.fi, t> L^^E-y — T^ir >y^^f 
^36^*5 I CfCfcV^T 2o<OfrJfflnJf6frD S PCOrt 1 

ros.— WSS 2DSPlc:j:5^y — gsfca* fofxfift<£ 
PSL^x.f>ix^<^oTL*5<, ^TcofiJ 
/iMigft*^ * y — i d s p \sm 9 S Xtfr - LE 

#U Jg2DSPlC^y— *#J9ST*^J:5^-f5 30 
[00 3 7] 02l£te, ilx-^y^4 9 6J 

-fe* $ tts <t o ic^j 9 a x 5 £ t a <d 

1 — 1 4^ib^-5p <c ey— : WfA4 1 

o^rlti/^o ^*y— i~i4ttrp]»^*y 

— (01 SDRAM) fcSVHa^lRWL^y — (01 D 
RAM) <D\,r?1nt>*X'is£\t\ 02 — 5BCD?S5& 

0iJ{d*3V N T 1 4 (73f@* C7)^ * y — y< is? (CM LT^ LT 

*wm#m<7M<om*<n**rV-;<>'?$:& 40 

[0 0 3 8] a* y->^fAW* d -Ay? 
1~1 4Wf^l^ot2©x— yiyh/<7CJ:o 

5 0 ifl3«9ST»t *aw»e>*sw» 
[0039] fi*cD>^-y— i~i 4f3*tve* 

*U ia§]^/l^7°^?-^4 0 1—4 1 4$rffll^^t 
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•fe* "IliMT-fc5o MUX 4 0 1—414 tt^JRD i?y ? 
4 1 2 bfCioTfiSiJ^J^^tu Cl^itft&l'v^* 
- 4 6 0 b IC-fe y Y £*htziffi8.\Cg^ *X**rV -~>X 
fA4 1 0\Z.&\,^xm%rt±<O&>&/<— is a 

[0 0 4 0] ^.(D^m^(Dh^°— Tjisa^ti. 

&±X<m&£iv2>*--iSx.> hic£-oXVm.£inXfr 

?±*x% -*m*?tzk&x%, 
[0041] #$mnz, 2 <D3L— is y<Dmxwk<r> 

* * y SrE4H-5«r»fWWc< , ifiJRT^ * V 

—'<W&M<9 2$XZ B IH3A— 5Bf±, <B*»^^-y 
— 1 — 1 4$roi— i^t^M 0213A, 4 A, 5 
A) ir^c— y'iyh2 (1H3B, 4B, 5 B) (O^y 
— -ry^-tWU ST5HSS0>J^LTfc5o 
[0 0 4 2] ■#$ffl\<DffimZ-W<\ 

EISAfC^rt-i^f-mi^-^^h^^y— v 
^L<f^m§^JtjaTf>ix5c ftoT, 

-trxT-t s 7 =e y — ^/^y^ja xxM 2 ^— > h 
? ± XX£Z> 7 <D '<s?k%:Z£?\zjm 
fcE^^ttnfi IH3 MZ^ti.b\^McW>7<D^]} 
<>?frm 1 (Os-v'i yW^tU-vj/ ^tH- 
UlIirSiJ^STibtbS,, rttfC>ftLlll3B(^1- < t9t^ 
ftHco^— if *.l/h\z*frt (ft 
^e>*g-i:) X%2*-—i>^>'Y(D/*:V—*y7 
^kMm*bMi^k<m<9 mxbtiZo 

[0043] 04 A, Bfi, 50^!)-/<^ill 
ac— i?^ y HcftJ 9 Mi T ^ 9 <DM * U — ^< 2 

ji— h-#j9 at5 £ 5 ?fe<i^<^/*y — ^<y^ 

1 — 1 4 0#J STc7>0iJ5r*bTfe-5 o Mte.C0* ^D — 
s^fitMtefOM^l)—'^? (0iJx.fi, y*y— 
? # 1 ) oTlltS 1 ^-v 5 ^ y h^-fij 9 S 

Tfbtk fti^coy^-y— ^^y^fi*^cD^^-y— ^^y^ 
(0iJx.fi, ^y-/<y?#i4) ft>&tt$9JHK-CJ8 

[0044] [pMfd, EI5A, Bfi, Sli-^iVh 

^9<DMMM^eV—^<>-^ Oiifc^^t-y— ^<v?# l — 
#9) «rfflV^«tp»C^0WfCfiJ9^T^ ^2ai-v? 

^y>hfr5oygc&/^>J— OlSfc^^y— 
#14~#10) ^fflv^i5>f-f]9^Tb^fc^^y 
— y< \sf 1 — 14 <7>^ y tV^(D0iJS:^f: UTfe^o 

[0045] *^fi, 2 C0^—is^> hfrbg&tt 
mXT Y\sy U^^initM ^ V —'^W^o fcfc 

y — ^<>-^fc*5(t6x— ^fifdio^-^^y h 



11 

[0046] #a»H*£< <D®m&whz>o m*& 2 

tr— fDSP Alciol vc* ^lDSP^7Rh(D 
^7A£tW^£^T^T. »2DS P36Sft&^ 7 ^-=e 

fcfc. #J;ttf> r 7 j (0 1 1 1 H) Kir y h $ 

— 7(^»J9aT«r*lDSP^it^U »9<&70V^ 10 
y- y<is? 1 4-8 S*i«d^*(6:^IRf-*iJ 9^X5 

x % a— 1 2^^y— ^^* i ej*fc'rs»2 

DSP KTffifiSffc);*--^ ^SrSW^^-frS 
[0 0 4 7] fl&fcl^;**— 4 6 Ol^tSir^TV V 
t3? 1 2 D S P <7XpIJi36^SB3Sff5 - fca*r*& 

5c IlDSPW^iZ-^-f^^ay^ 

t*«X»ttftfl£5. Wtfit fit r 2 j (00 20 

10H) JiSflWcU^^— 4 6 0tC^ii*tu ^1D 

2<Dj**V—'<>'? 1 4 — 3£^2DSP[Cj;oT{£ffl 
-TSfc*^ <=e y 3/ ^ 2 /n— 7 1 w > 3 irtS 

lDSP±Tl!]^^^i:^fc5o rco^ 
1/^^-4 6 0(1 0*JxJ£ *#J£>1 lco^y— ^ 
1 — 1 lSr^lDSPfcSiJOSr, sio^co^ 
y — »*>^ l 4 — 1 2<Dfy&m2 DS P<Di&m<Dtc&m 30 

[0048] c^<t5W^«ot, 2crmm^— 

iK«*U^ gi^^^y-^-^fCT^W^^y— 9- 

[0 0 4 9] rcOiplC, f&<7>*a®3i— : ^mVhCOSft 
EXofc^ y — *£2£5Mrf ^ y ->^7A 

40 

[0 0 5 0] £VH&&)\aX M<D**rV—'<>?&& 
-^vh^^ey— ^>^i-N£j^TU £2*031 

Tit TKu^O^aaK^^y— ^^NBcEB^iV 

i^^^-y-iK^M4ws^-cfe5o ^j^^y- so 



2000-200214 
12 

[00 5 1] «oT, *»W^>lSa»c«5i:, 2co&tfl 
31— ^^h^FrB^f^-^^^Lfct), 
S^ixfcA&S^i-^ v h^iTOJ^tci-r— 

So 

[Ell] #7^**>f >»- ^Vb-^Ff^C^^y 

y— 

[El 2] Ell^Lfc/^x^^a^/M^y"^ 
[03] *S8Wtc«U\ 2AC031— ^vh^ifflHI^T 

co^ 1 <Dm*7frr* * y — f j^eu 

[El 5] EI3ir|^^^y-SiJ^ia 

[06] m*<D^M**v-^*^j*zm^zm&) 

2 ji—^ji v h *s*rr A^^HUlo 

[07] ^iRBW^^^y— fcr^-fe^-rsfc^r-fcr 
h u— Srfflv^ct**e^ff<0 23i— ^yh^ri^ 

[08] J>-: ^mVhCOrt^l Afrb(D**rV—Ti?± 
[^-^>lft0^] 

0 r hvx 

302 — 306. 3 1 2 — 3 1 6. 50 2, 5 0 4, 6 

0 2, 6 0 4, 7 0 2, 7 04 «|x— ^xVf 

3 0 8, 3 1 8. 4 0 1—4 14, 5 1 0 ^7"^ 

(MUX) 
3 10 ^^ey— ^5/^ 
310a. 310b ^r^>ay 

3 4 0. 342 

36 0. 46 0. 460b SfegW^^— 

1 — 14 ^^ey— 

4 10 ^^-y— v/^y"^ 
4 12b igRnv?^^ 

4 9 6. 4 9 7 31— itzilsh'^ 

5 08 i/>-^/U7K— hS^v^^ey^ *< % s9*sxrr 

508a, 508b fi^^y-^y^^rA 
5 12 T—\fY U — 



13 

600a, 600b jUHx^yf^fA 



(8) 4#Hfl 2000-200214 

14 

7 0 6 ^^!J-1^7 KU^ h^V^U—^— 



[01] 



[03] 



/302 



/304 



/3Q6 

x— vx>h 



/312 



X— ^x>h 



/314 



/316 



ADC 

aocK 



.clock. 



CLOCK 



ADC 

CLOCK 



CLOCK 



CLOCK 



•"I 
r30s! 



ADC 



CLOCK 



p-340 



r318| 



Arc 



clock 



2 



310 

j 



-310g 



-310b 



A x-s 



7K 
6K 
5K 
4K 
3K 
2K 
IK 
0 





— /*>^7#7 




















-/<X?#2 







B x-vxvh^a 



7K 
SK 
5K 
4K 
3K 
2K 
IK 
0 























12 








14 



-360 



(7— tfhU — £— ) 



--312 



(9) 



#M 2000-200214 



[02] 



[04] 



496 



497 




3 



/*>?#4 -^4 



6 



410 



«"J— /*»#9 |^9 

10 



-12 



-14 



-412b 



5K 
4K 
5K 
2K 
IK 
0 









5 




-/0£#4 















B X-vx>h#2 

9K 
3K 
7K 
SX 
5K 
4K 
3K 
2K 
IK 
0 













8 
























-/\*>^=*14 



(1 0) 



¥fffl 2000-200214 



[05] 



9K 
8K 
7K 
6K 
5K 
4K 
3K 
2K 
IK 
0 



5K 
4K 
3K 
2K 
IK 
0 









11 















600o^ 



600b- 



602 



1 



604 



2 



[06] 



7K 



AOC 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



s 

508a 



7K 



IK 



IK 



IK 



IK 



IK 
IK 
IK 

s 

508b 



(1 1) 



#H 2000-200214 



[07] 



502 
J- 



1 



ADC 



X— 

2 



ADC 



504 



510 



ADC 



14K 



-512 



508 
f 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



?K 



IK 



IK 



IK 



(1 2) 



%fffl 2000-200214 



[08] 



702 
_J 



S 

704 



706 

z 1 



708 



ST 



7K 



0 

7K 



508 

j 



IK 



IK 



IK 



IK 



IK 



IK 



IK 



1K 



1K 
IK 
IK 
IK 
IK 
IK 



(71)tt«SA 596077259 

600 Mo untain Avenue, 
Murray Hill, New Je 
r s e y 07974 -0636U. S . A. 



T^y^-g^B, 18015 ^Sis/W^T, 
1937 



(1 3) 



2000-200214 



1 . Title g f i q i e b t i o o 
A Memory 1 S^icis 

2 . Claims 



1. A memory system comprising: 

a plurality of memory banks collectively having a lowest 
addressable end and a highest addressable end; 

a control module to assign a first sub-plurality of said memory 
banks in increasing order from said lowest addressable end to a first memory 
map of a first processing agent, and to assign a second sub-plurality of said 
memory banks in decreasing order from said highest addressable end to a 
second memory map of a second processing agent. 

2. The memory system according to claim 1 , wherein: 
said plurality of memory banks are contiguous. 

3. The memory system according to claim 1 , further comprising: 

a switch adapted and arranged to switch each of said plurality of 
memory banks for access from one of said first processing agent and said 
second processing agent. 

4. The memory system according to claim 1 , wherein said control 
module comprises: 

a configuration register to define said first sub-plurality of said 
memory banks and said second sub-plurality of said memory banks. 

5. The memory system according to claim 1 , wherein: 

said plurality of memory banks are assigned to only one of said 
first processing agent and said second processing agent at any one lime. 



6. The memory system according to claim 1 , wherein: 
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said plurality of memory banks are synchronous memory banks. 

7. The memory system according to claim 1 , wherein: 

said plurality of memory banks are asynchronous memory banks. 

8. A method of assigning a plurality of memory banks for shared 
use among a plurality of processing agents, said method comprising: 

providing a first processing agent access to a plurality of memory 
banks with a lower address of said first processing agent being associated with 
a last one of said plurality of memory banks and a higher address of said first 
processing agent being associated with a last one of said plurality of memory 
banks; and 

providing a second processing agent access to said plurality of 
memory banks with a lower address of said second processing agent being 
associated with said last one of said plurality of memory banks and a higher 
address of said second processing agent being associated with a first one of 
said plurality of memory banks. 

9. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 8, 
wherein: 

said first one of said plurality of processing agents is associated 
with address zero in a memory map of said first processing agent. 

10. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 8, 
wherein: 

said last one of said plurality of processing agents is associated 
with address zero in a memory map of said second processing agent. 
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11. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 9, 
wherein: 

said last one of said plurality of processing agents is associated 
with address zero in a memory map of said second processing agent. 

12. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 9, 
wherein: 

said plurality of memory banks are synchronous memory. 

13. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 9, 
wherein: 

said plurality of memory banks are asynchronous memory. 

14. The method of assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 9, 
wherein: 

each of said plurality of memory banks are not substantially 
simultaneously accessible by both said first processing agent and said second 
processing agent at a same time. 

15. A method of assigning a plurality of shared memory banks to 
two agents, comprising: 

assigning a plurality of shared memory banks in increasing order 
to a memory map of a first agent; and 
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assigning said plurality of shared memory banks in decreasing 
order to a memory map of a second agent 

16. The method of assigning a plurality of shared memory banks 
to two agents according to claim 15, wherein: 

said plurality of shared memory banks are synchronous memory 

banks. 

17. A method of assigning a plurality of shared memory banks to 
two agents, comprising: 

assigning a plurality of shared memory banks in opposing order 
to each of two processing agents. 

18. Apparatus for assigning a plurality of memory banks for 
shared use among a plurality of processing agents, comprising: 

means for providing a first processing agent access to a plurality 
of memory banks with a lower address of said first processing agent being 
associated with a last one of said plurality of memory banks and a higher 
address of said first processing agent being associated with a last one of said 
plurality of memory banks; and 

means for providing a second processing agent access to said 
plurality of memory banks with a lower address of said second processing 
agent being associated with said last one of said plurality of memory banks and 
a higher address of said second processing agent being associated with a first 
one of said plurality of memory banks. 

19. The apparatus for assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 18, 
wherein: 
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said first one of said plurality of processing agents is associated 
with address zero in a memory map of said first processing agent 

20. The apparatus for assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 18, 
wherein: 

said last one of said plurality of processing agents is associated 
with address zero in a memory map of said second processing agent. 

21 . The apparatus for assigning a plurality of memory banks for 
shared use among a plurality of processing agents according to claim 20, 
wherein: 

said last one of said plurality of processing agents is associated 
with address zero jn a memory map of said second processing agent. 

22. The apparatus for assigning a plurality of memory banks for 
shared use among a plurality of processing agents accorcSng to claim 18, 
wherein: 

said memory is synchronous memory. 

23. Apparatus for assigning a plurality of shared memory banks 
to two agents, comprising: 

means for assigning a plurality of shared memory banks in 
increasing order to a memory map of a first agent; and 

means for assigning said plurality of shared memory banks in 
decreasing order to a memory map of a second agent. 
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24. The apparatus for assigning a plurality of shared memory 
banks to two agents according to claim 23, wherein: 

said plurality of shared memory banks are synchronous memory 

banks. 

25. The apparatus for assigning a plurality of shared memory 
banks to two agents, comprising: 

means for assigning a plurality of shared memory banks in 
opposing order to each of two processing agents. 

26. The apparatus for assigning a plurality of shared memory 
banks to two agents according to claim 25, wherein: 

said plurality of shared memory banks comprise synchronous 

memory. 

27. A computer system, comprising: 
a first processing agent; 

a second processing agent; 

a shared synchronous memory accessible by said first processing 
agent and by said second processing agent; and 

a control module to assign a first portion of said shared 
synchronous memory in increasing order from a lowest addressable end to a 
first memory map of said first processing agent, and to assign a second sub- 
plurality of said shared synchronous memory in decreasing order from a 
highest addressable end to a second memory map of said second processing 
agent. 



3 . Detailed Description of I o v e c t i c fi 
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Field of the Invention 

This Invention relates generally to the shared usage of memory by 
a plurality of processing agents. In particular, it relates to the efficient and flexible 
partitioning of shared single-ported memory between a plurality of processing 
agents. 

Background of Related Art 

With the ever-increasing speeds of today's processors, memory 
designs have attempted to meat the required speed requirements. Moreover, 
with the ever-increasing integration of more than one specific task oriented 
processor for use in a single system, the efficient utilization of fast memory has 
become a design challenge. 

For instance, to achieve fast memory speeds, synchronous 
dynamic random access memory (SDRAM) technology has been developed for 
a wide variety of applications to close the gap between the needs of high- 
speed processors and the access time of non-synchronous memory such as 
dynamic random access memory (DRAM) or static random access memory 
(SRAM). Synchronous memory, e.g., SDRAM technology, combines industry 
advances in fast dynamic random access memory (DRAM) with a high-speed 
interface. 
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Functionally, an SDRAM resembles a conventional DRAM, Le., it 
is dynamic and must be refreshed. However, trie SDRAM architecture has 
improvements over standard DRAMs. For instance, an SDRAM uses internal 
pipelining to improve throughput and on-chip interleaving between separate 
memory banks to eliminate gaps in output data. 

The idea of using a SDRAM synchronously {as opposed to using 
a DRAM asynchronously) emerged in light of increasing data transfer demands 
of hrgh-end processors. SDRAM circuit designs are based on state machine 
operation instead of being level/pulse width driven as in conventional 
asynchronous memory devices. In addition, synchronous memory access 
techniques improve the margin to system noise because inputs are not level 
driven. Instead, the inputs are latched by the system clock. Since all timing is 
based on the same synchronous clock, designers can achieve better 
specification margins. Moreover, since the SDRAM access is programmable, 
designers can improve bus utilization because the processor can be 
synchronized to the SDRAM output. 

The core of an SDRAM device is a standard DRAM with the 
important addition of synchronous control logic. By synchronizing all address, 
data and control signals with a single clock signal, SDRAM technology 
enhances performance, simplifies design and provides faster data transfer. 

Synchronous memory requires a clock signal from the accessing 
agent to allow fully synchronous operation with respect to the accessing agent 
If more than one agent is given access to a shared synchronous memory, each 
agent must conventionalfy supply its own clock signal to the synchronous 
memory. Unfortunately, the clock signals from separate agents are not 
conventionally synchronous or in phase with one another. Therefore, as the 
synchronous memory shifts from the use of one clock signal to another, delays 
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or wait states must be added before the new agent's clock signal can be used 
to access the synchronous memory. 

Some synchronous memory devices have the capability to 
provide burst input/output (I/O), particularly for the optimization of cache 
memory fills at the system frequency. Advanced features such as 
programmable burst mode and burst length improve memory system 
performance and flexibility in conventional synchronous memories, and 
eliminate the need to insert wait states, e.g., dormant clock cycles, between 
individual accesses in the burst 

Conventional SDRAM devices include independent, fixed memory 
sections that can be accessed individually or in an interleaved fashion. For 
instance, two independent banks in an SDRAM device allow that device to 
have two different rows active at the same time. This means that data can be 
read from or written to one bank while the other bank is being precharped. The 
setup normally associated with precharging and activating a row can be hidden 
by interleaving the bank accesses. 

Conventionally, each task oriented processing agent had been 
provided with its own dedicated memory bank system, e.g., as shown in Fig. 6. 
Fig. 6 shows two separate processing agent systems 600a, 600b each having 
a processing agent 602, 604 and a dedicated memory bank system 508a, 
508b. respectively. Each processing agent 602, 604 may be a suitable 
processor, e.g., a microprocessor, a microcontroller, or a digital signal 
processor (DSP). 

Unfortunately, for applications wherein one processing agent 
requires significant amounts of information from another processing agent, 
significant delays were caused in transferring the information between the 
memory bank system of the first processing agent and the memory bank 
system of the second processing agent to allow the second processing agent to 
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co-process information along with the first processing agent. To reduce the 
need for transferring information between non-synchronous memory bank 
systems, shared use of conventional non-synchronous memory using an 
arbitrator was developed, e.g., as shown in Fig. 7. 

In particular, Fig. 7 shows a common single-ported memory bank 
system 508 being accessed by two processing agents 502, 504. A multiplexer 
(MUX) 510 passes the address, data and control busses (ADC) of a selected 
processing agent 502, 504 to the common single-ported memory bank system 
508 under the control of an arbiter or arbitrator 512. 

As may be appreciated, memory accesses by the separate agents 
502, 504 would dash unless they are arbitrated to allow only one agent to 
access the common single-ported memory bank system 508 at any one time. 
Thus, selection logic (i.e., an arbitrator 512) is conventionally provided to 
control the multiplexer 510, which presents the appropriate address, data and 
control (ADC) signals to the common single-ported memory bank system 508. 
Typically, the processing agents 502, 504 are assigned a hierarchy in the 
arbitrator 512 for prioritized access to the common single-ported memory bank 
system 508, and the arbitrator 512 blocks out accesses by the other agents 
until finished accessing the common single-ported memory bank system 508. 

Another conventional technique for sharing common single-ported 
non-asynchronous memory utilizes a memory management address translator 
706 as shown in Fig. 8. 

In particular, Fig. 8 shows two processing agents 702, 704 
accessing a common single-ported memory bank system 508 under the control 
of a memory management address translator 706 and MUX 708. The address 
translation function serves to invisibly index the memory accesses by one of 
the processing agents 702, 704 up by a predetermined amount of memory, 
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e.g., 7 K as shown in Fig. 8. Thus, for instance, memory accesses to address 0 
by the first processing agent 702 will index through the memory management 
address translator to a physical address 0 in the common single-ported 
memory bank system 508, and memory accesses to address 0 by the second 
processing agent 704 will index through the memory management address 
translator to an offset physical address, e.g., 7K in the common single-ported 
memory bank system 508. 

Unfortunately, address translation is conventionally fixed in 
shared memory systems and does not provide flexibility in the changing 
memory needs of the processing agents, particularly as the agents are in 
operation. 

Thus, there is a need for memory systems in general which adjust 
to the changing needs of a plurality of accessing agents. 

Summary Of The Invention 

In accordance with the principles of the present invention, a 
memory system comprises a plurality of contiguous memory banks collectively 
having a lowest addressable end and a highest addressable end. A switch is 
adapted and arranged to switch each of the plurality of contiguous memory 
banks for access from one of a first processing agent and a second processing 
agent. A control circuit assigns a first sub-plurality of the contiguous memory 
banks in increasing order from the lowest addressable end to a first memory 
map of the first processing agent, and assigns a second sub-plurality of the 
contiguous memory banks in decreasing order from the highest addressable 
end to a second memory map of the second processing agent. 

A method of assigning a plurality of memory banks for shared use 
among a plurality of processing agents in accordance with the principles of the 
present invention includes providing a first processing agent access to a 
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plurality of memory banks with a tower address of the first processing agent 
being associated with a last one of the plurality of memory banks and a higher 
address of the first processing agent being associated with a last one of the 
plurality of memory banks. A second processing agent is provided access to 
the plurality of memory banks with a lower address of the second processing 
agent being associated with the last one of the plurality of memory banks and a 
higher address of the second processing agent being associated with a first 
one of the plurality of memory banks. 

In another aspect of the present invention, a method of assigning 
a plurality of shared memory banks to two agents comprises assigning a 
plurality of shared memory banks in increasing order to a memory map of a first 
agent The plurality of shared memory banks are also assigned in decreasing 
order to a memory map of a second agent 

In yet another aspect of the present invention, a method of 
assigning a plurality of shared memory banks to two agents comprises 
assigning a plurality of shared memory banks in opposing order to each of two 
processing agents. 

Detailed Des cription Of Illustrative Embodiments 

Figs. 1 and 2 show a single-ported memory system including a 
plurality of memory blocks accessible by two separate agents or groups of 
processing agents. The present invention relates to the assignment of a 
plurality of shared memory blocks between two agents. 

In particular, Fig. 1 shows a shared memory configurably 
partitioned to assign a pre-defined number of memory banks in a common 
memory system 310 to each accessing agent or group of agents. Although Fig. 
1 shows synchronous memory 310, the present invention is also applicable to 
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the use of shared noi>^ynchronous memory, Lb., conventional memory such as 
dynamic random access memory (DRAM) or static random access memory 
(SRAM). 

The embodiment of Fig. 1 is shown with respect to two groups of 
accessing agents, i.e., a first group of shared memory accessing agents 340 
including processing agents 302-306, and a second group of shared memory 
accessing agents 342 including processing agents 312-316. Although the 
agent groups 340, 342 are shown with an equal number of agents, the present 
invention is equally applicable to groups of accessing agents having any 
number of agents. 

The memory block 310 is configurably partitioned into a 
corresponding number of partitions 310a, 310b, Although the embodiment is 
shown with two partitions 310a, 310b, the invention is equally applicable to any 
number of partitions. Preferably, the number of partitions will equal the number 
of agent groups. 

Ttie separate agent groups 340, 342 access respectively 
partitioned portions of the shared memory 310. The partitions 310a, 310b may 
be any size, from zero to the entire memory block 310, as set in a configuration 
register 360. 

In accordance with the principles of the present invention, the 
assignment of the memory banks in the memory block 310 is flexible, allowing 
any or all of the memory banks in the memory block 310 to be assigned to 
either of the agent groups 340, 342, With the configurability as disclosed, the 
user can change the memory configuration either before operating the 
processing agents 302-306, 312-316 or orvthe-fly by executing certain 
instructions in the code to change the value in the configuration register 360. 
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The configuration register 380 can be written to by any of the 
agents 302. 304, 306, 312, 314 or 316. In the disclosed embodiment, the value 
written to the configuration register 360 corresponds to the length of the first 
partition 310a, with the remaining memory banks being assigned to the second 
partition. 

Of course, multiple words or registers may be implemented within 
the configuration register 360 to accommodate more than two configurable 
partitions in the shared memory block 310 in accordance with the principles of 
the present invention. 

It is preferred (but not required) that the memory block 310 be 
partitionable into contiguous partitions. For instance, if the configuration 
register 360 comprises one, four-bit register, it may adequately represent 
partitions between any of up to sixteen memory banks. 

For example, assume for the purpose of explanation that there 
are fourteen memory banks in the memory block 310. rf any of the agents 302, 
304, 306, 312, 314 or 316 writes the value '9' (0101H) to the configuration 
register 360, this would be interpreted by the arbitrator 312 to partition the 
memory block 310 such that the first nine individual memory banks are to be 
assigned to the first agent group 340, and that the remaining five individual 
memory banks are to be assigned to the second agent group 342. The four 
bits of the configuration register 360 are then decoded by the arbitrator 312 to 
provide appropriate control signals to a first MUX 308 to select or deselect the 
requesting or winning agent in the first agent group 340 and to the second 
MUX 318 to select or deselect the requesting or winning agent in the second 
agent group 342. Because the memory block 310 is partitioned, both agent 
groups 340, 342 may access their respectively assigned partition 310a, 310b 
without conflict 
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The memory bank arbitrator can also leave holes in the memory 
space as desired. For example, a first agent may be assigned memory banks 
1 r 2, 4, 6 and 8, while a second agent may be assigned memory banks 14-9, 7, 
5 and 3. 

fn a multiple agent system, one shared memory block is often 
provided for use by all agents in the system. For various reasons, e.g., vastly 
differing application programs in each of the agents for any one user, a fixed 
amount of memory for each agent in the system may be inefficient For 
instance, if one user implements code in only one of two available DSPs in an 
integrated circuit comprising a memory accessing system in accordance with 
the aspects of the present invention, then that user will have minimal rf any 
memory requirement for the second DSP. In that case, it might be desirable to 
assign or partition all available shared memory to the first DSP and no memory 
to the second DSP. 

Fig. 2 shows a memory system 410 comprising a plurality of 
individual memory banks 1 to 14 which can be assigned for access either by a 
first agent bus 496 or a second agent bus 497. The memory banks 1 to 14 may 
be either synchronous (e.g., SDRAM) memory or non-synchronous (e.g., 
DRAM) memory. Moreover, although the embodiments of Figs. 2 to 5B are 
shown with respect to fourteen individual memory banks, the invention is 
equally applicable to shared memory systems having any number of individual 
memory banks. 

In accordance with the principles of the present invention, the 
memory banks 1 to 14 of a common memory system are flexibly assigned for 
access by two agent busses. The assignments are made in opposing 
directions from last to first and first to last memory bank, respectively. 
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Each individual memory bank 1 to 14 is configurably accessible 
by either agent through the use of suitable multiplexers 401 to 414. The MUXs 
401 to 414 are individually controlled by selecting logic 412b t which effectively 
implements a flexible partition in the memory system 410 based on information 
set in a configuration register 460b. 

The flexible partition may be moved during the operation of the 
memory system, but is preferably done so with confirmation by all affected 
agents. Thus, as one agent requires additional memory, the accessible 
memory for that agent can be increased, albeit at the expense of the available 
memory for the other agent. 

Importantly, the present invention not only partitions the plurality 
of memory banks among the two agents, but assigns the memory banks in 
opposing order. Figs. 3A through 5B depict exemplary assignments of the 
individual memory banks 1 to 14 into the memory map of the agent 1 {Figs. 3A, 
4A and 5A) and agent 2 (Figs. 3B, 4B and 5B). 

In accordance with the principles of the present invention, the first 
memory banks are assigned, preferably in order, into the memory map of the 
first agent as shown in Fig. 3A. Thus, if the memory system 410 is to be 
initially partitioned with seven memory banks accessible by the first agent and 
seven memory banks accessible by the second agent, then the first seven 
memory banks are assigned in increasing order into the memory map of the 
first agent as shown in Fig. 3A. However, as shown in Fig. 3B, the memory 
banks for the other agent are assigned in decreasing order, i.e., from highest to 
lowest, into the memory map of the second agent, from lowest to highest. 

To further illustrate the invention. Figs. 4A and 4B show an 
example assignment of the individual memory banks 1 to 14 with five memory 
banks assigned to the first agent and nine memory banks assigned to the 
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second agent In accordance with the principles of the present Invention, the 
lowest memory banks are assigned to the first agent in increasing order 
starting with the lowest memory bank, ag., memory bank #1 , while the highest 
memory banks are assigned to the second agent in decreasing order starting 
with the highest memory bank, e.g., memory bank #14. 

Similarly, Figs. 5A and 5B illustrate an example mapping of the 
memory banks 1 to 14 wherein the first agent is initially assigned use of the 
nine lowest memory banks, i.e., memory banks #1 to #9 in order, while the 
second agent is assigned use of the five highest memory banks, i.e., memory 
banks #14 to #10 in order. 

Accordingly, the present invention results in memory banks being 
addressed differently from the two agents. Nevertheless, by simply changing 
the position of the partition between the memory banks, data stored in a 
memory bank by a first agent can be accessed by the other agent. 

The present invention has numerous applications. For instance, 
in a two DSP system, the first DSP may be running a modem application 
program requiring at least seven memory banks while the second DSP may be 
running a medium quality audio session requiring the balance of another seven 
memory banks. In this case, the configuration register may be set to, e.g., a T 
(0111H) to indicate the assignment of the first seven memory banks 1-7 in 
order from lowest to highest to the first DSP and the remaining seven memory 
banks 14-8 in order from highest to lowest to the second DSP. Then, at a later 
point in time, the user may run a high quality audio session at the second DSP 
which requires 12 memory banks. Either the first or second DSP can adjust the 
setting in the configuration register 460 to appropriate more memory banks to 
the second DSP, albeit at the expense of the size of the memory partition for 
the first DSP. For instance, in this case, a value of 'Z (001 OH) may be written 
to the configuration register 460 to assign two memory banks 1, 2 to the first 
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DSP leaving the remaining twelve memory banks 14-3 in the second partition 
of the memory block for use by the second DSP. Conversely, the user may at 
another point in time wish to run a higher baud rate modem program on the first 
DSP requiring a larger amount of memory. Jn this case, the configuration 
register may be written to f e.g., to assign the first eleven memory banks 1-11 to 
the first DSP leaving only the remaining three memory banks 14-12 for use by 
the second DSP. 

Thus, according to the principles of the present invention, two 
processing agents can access a shared-memory subsystem within a 
contiguous memory space without modifying the way in which the two 
processing agents address that memory space, i.e., memory management 
block, and without the need to arbitrate to gain access to the memory. 

Accordingly, either processing agent can use a portion or all of 
the memory system without modifying the perceived memory space of the other 
processing agent. 

In more general terms, in a shared memory bank system having 
M memory banks, a first processing agent will own memory banks 1 through N 
and a second processing agent will own memory banks N+1 to M. From the 
perspective of the first processing agent address zero is located in the first 
memory bank 1, and the addresses increase with increasing memory bank 
numbers. From the perspective of the second processing agent, address zero 
is located in the highest memory bank M and its addresses increase with 
decreasing memory bank numbers. This is in the case of a contiguous memory 
requirement. Of course, the memory bank assignments do not necessarily 
have to be contiguous. 

therefore, in accordance with the principles of the present • 
invention, data can be exchanged simpty between two processing agents or 
separately arbitrated groups of processing agents. For instance, data can be 

written into a memory bank by a first processing agent, and then that memory 
bank can be simply switched into the domain of the second processing agent 
by appropriate switching of multiplexers controlling the input to that memory 
bank to allow the second processing agent full access to the data. 



4. Brief Descr ipi ioc cf Drivings 
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Fig. 1 shows a shared memory configurabJy partitioned to assign 
a pre-defined number of memory banks to each accessing agent 

Fig. 2 shows one embodiment of the partrttonable memory system 
shown in Fig. i. 

Figs. 3A and 3B show a first example of a plurality of memory 
banks assigned for access by two agents in opposing order in accordance with 
the principles of the present invention. 

Figs. 4A and 4B show a second example of a plurality of memory 
banks assigned for access by two agents in opposing order in accordance with 
the principles of the present invention. 

Figs. 5A and 5B show a third example of a plurality of memory 
banks assigned for access by two agents in opposing order in accordance with 
the principles of the present invention. 

Fig. 6 shows a conventional two agent system having separate 
non-synchronous memory systems. 

Fig. 7 shows a conventional two agent system utilizing an 
arbitrator for access to a shared non -synchronous memory. 

Fig. 8 shows a conventional two agent system utilizing a memory 
management address translator to offset memory accesses from one of the 
agents. 
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FIG. 3A 
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FIG. 5A 
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FIG. 7 
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1 Abstract 



A shared memory system configurably partitioned to assign a pre- 
defined number of memory banks to a first processing agent and the remaining 
memory banks to a second processing agent. The first group of memory banks 
is assigned into the memory map of the first processing agent in increasing 
order while the second group of memory banks is assigned into the memory 
map of the second processing agent in decreasing order. In more general 
terms, in a shared memory bank system having M memory banks, a first 
processing agent will own memory banks 1 through N starting at its address 0, 
and a second processing agent will own memory banks M to N+1 , respectively, 
starting at its address 0. 

2 Representative Drawing 
Figure I 



